transfer vessel and split into water and gas phases in an evacuated sampling line connected with 217 a Cu-tube and a gas sampling bulb made of glass. Gas separation was assisted with a heated 218 ultrasonic bath and the Cu-tubes (hereafter referred to as "Cu-tube gas") were cold welded with 219 clamps after ca. 10 minutes of degassing. Gas/water ratios were determined based on pressure the reproducibility of QMS measurements is 2% for the measured concentrations which were all 235 >100 ppmv. Including the uncertainty of the calibration measurement, we estimate the total 236 analytical uncertainty of the QMS measurements to be twice as high, i.e. 4 % for all gas species.
238
The isotope compositions of noble gases were determined with a VG 5400 mass spectrometer 239 equipped with both Faraday and electron multiplier detectors at GFZ Potsdam, Germany. All 240 three types of samples were analysed: water in a Cu-tube, gas in a Cu-tube, and gas in a sampling 241 bulb. Due to high pressure inside the Cu-tube water samples, spontaneous degassing generally 242 provided abundant gas for the analysis. Only the sample OK-24/25 was actively degassed in an 243 ultrasonic bath for a second run after a first measurement of the free gas phase. Purification of and Ne measurements. Ar, Kr, and Xe were adsorbed to a stainless steel frit in a cryostatic cold 248 head at 50 K, and He and Ne to activated charcoal in another cold head at 11 K. Each noble gas 249 was then released and measured separately by sequentially heating the first cold head to 80 K, 250 100 K, and 150 K to release Ar, Kr and Xe, and the second cold head to 35 K and 120 K to 251 release He and Ne, respectively. The system was calibrated and the reproducibility of the 252 analysis tested by analysing an artificial gas mixture of known composition and isotope ratios.
253
Further details on analytical procedures and data reduction methods can be found in Niedermann 
Results

258
Gas concentrations
260
The results of gas chromatography (GC), together with the isotopic (δ Oxygen was present in all the samples, ranging between 0.08 and 2.6 vol % in the QMS (Table   267 2) and 0.07 and 5.8 vol % in the GC analyses. Such amounts of free molecular oxygen are 268 however unlikely to be found deep underground, and have not been detected during long term gases. This suggests that air was leaking in (and perhaps He leaking out) not only during The measured gas concentrations (X in vol %) were corrected for contamination by assuming 279 that the contaminant is of atmospheric origin: 0.00014 %). Subsequently, the absolute gas concentrations were determined from air-corrected 286 relative volume data by using the measured gas/water ratios:
289 290
where [X] is the concentration of a gas X in cm 3 g -1 at standard temperature and pressure (STP).
291
The corrected values were not normalised to 100 % prior to the calculation (Eq. 2), as it was 292 assumed that air contributed to the gas phase already during sampling, i.e. increased the 293 gas/water ratio. As gas/water ratios of the Cu-tube water samples were not known, absolute 294 concentrations could not be determined for them.
296
The air-corrected concentrations of gases are given in Free-molecule diffusion, analogous to partial degassing, may also happen when gas is passing 394 through a conduit with a diameter smaller than the mean free path of the gas atoms (Marty 1984, Based on equations (7) and (8) The in situ accumulation rate of radiogenic nuclides (J i ) within an aquifer depends on the 442 production rate of these nuclides in the aquifer rock matrix and on the physical properties of the where Λ is a release coefficient, θ is the fractional effective porosity of the rock, ρ r and ρ w are the 448 densities of the rock and water (with ρ w assumed to equal 1 for all samples), respectively, and P i 449 is the production rate of the nuclide (i) in question. Λ is a measure of the proportion of gas 450 released into the water, and is here assumed to be 1 (i.e. 100 %) for all noble gases. The given depth, accumulation of noble gases will take place. water has been used in several studies to determine recharge temperatures of groundwaters (e.g. Miocene epochs has also direct implications for the deep biosphere within the fractured bedrock.
623
These ecosystems must have been isolated for a long time and thus very likely rely on energy 624 and carbon sources such as H 2 and CO 2 from groundwater and adjacent bedrock rather than from 625 the ground surface. As inert species, noble gases cannot be utilised by microorganisms and could Outokumpu Deep Drill Hole. These ecosystems must be remarkably old, and further, they very 669 probably rely on energy and carbon sources from the bedrock rather than the ground surface. Final draft Table 3 Measured noble gas isotope ratios and calculated abundances (in cm In situ model age Noble gas residence times (Ma) in the Outokumpu Deep Drill Hole groundwater calculated according to in situ model, with 2σ uncertainties. Parameters used in the calculation are presented in Table 1 ("All").
